Objective: To report the complications that occurred during a large series of surgical procedures for the removal of acoustic neuromas using the translabyrinthine approach.
of cerebrospinal fluid leak, 16 (80%) of which presented as rhinorrhea and 4 (20%) as incisional leaks. The leaks at the incision responded to conservative management, while rhinorrhea usually required more aggressive means of closure. Four patients (1.6%) were diagnosed as having bacterial meningitis. Complete gross tumor removal was not achieved in 4 patients (1.6%). Facial nerve function, as measured by the HouseBrackmann system, was recorded in all patients at 1 year: 76% had a score of I or II; 18%, a score of III or IV; and 6%, a score of V or VI. Other complications included 3 cases of pneumonia, 1 case of severe gastric hemorrhage, and 1 case of wound infection.
Conclusions:
The results of this series generally agree with those of other large series and demonstrate the safety and effectiveness of the translabyrinthine approach in excising acoustic neuromas. Surg. 1999; 125:801-804 S INCE ITS INTRODUCTION in the 1960s, 1 the translabyrinthine approach (TLA) has become an increasingly popular method of excising acoustic neuromas. Advantages of this approach include a low complication rate, particularly with regard to facial nerve function, 2 and total tumor removal in the vast majority of cases. 2, 3 Moreover, it is safe and effective, even with the largest of tumors. 4, 5 These considerations have made the TLA the procedure of choice for most neuro-otologists in the treatment of patients with nonserviceable hearing. More controversy exists, however, in the treatment of patients with serviceable or "borderline" hearing. Procedures that attempt to preserve hearing in such patients involve different risks, particularly with regard to intracranial and facial nerve complications. These different risks must be weighed against risks of translabyrinthine surgery before a decision can be made as to whether an attempt at hearing preservation is prudent.
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The purpose of this study was to document and explore the complications encountered during translabyrinthine surgery for the removal of acoustic neuromas. It is hoped that such an exploration will more fully establish the risks involved with the TLA and therefore aid in decision making with regard to the selection of the most appropriate approach for the patient with an acoustic neuroma.
RESULTS

PATIENT DATA
There were 258 patients, with a mean (SD) age of 51 (13.7) years (age range, 14-86 years). There was a slight male predominance of 55%. Fifty-two percent of the tumors were left sided, and the mean (SD) tumor size was 18.6 (11.1) mm. The preoperative pure-tone average (measured as the average of the thresholds at 500, 1000, 2000, and 3000 Hz) was 60 dB. Forty-three patients (17%) had a puretone average better than 50 dB and a word recognition score greater than 60%. Of these, the majority of patients (25) had tumors greater than 15 mm in maximum diameter. The remaining 18 patients were offered a hearing preservation attempt but chose the TLA instead.
MORTALITY
There were no deaths in this series (mortality rate, 0%).
NEUROLOGIC COMPLICATIONS (EXCLUDING FACIAL NERVE INJURIES)
There were 3 cases (1.1%) of neurovascular compromise in this series: 1 case was transient and 2 cases were permanent. The first occurred in a 54-year-old woman with a small tumor who developed cerebellar edema on postoperative day 3, causing severe ataxia that lasted longer than the expected postoperative dysequilibrium. The computed tomographic scan revealed no evidence of infarct. The patient was discharged after approximately 3 weeks in the hospital, with physical therapy arranged as an outpatient. Within 3 months the ataxia resolved completely.
The second case occurred in a 45-year-old man with a 4.5-cm tumor. After surgery, he developed an ipsilateral 10th cranial nerve paresis, resulting in severe aspiration during deglutition. He has since required gastrostomy tube placement for safe feeding.
The third case occurred in a 72-year-old man with a medium-sized tumor. He had significant preoperative risk factors, such as hypertension, coronary artery disease, and deep venous thrombosis. After surgery, he suffered a cerebrovascular accident that left him obtunded for several days. He has gradually improved, but aphasia and motor deficits have remained despite extensive rehabilitation efforts.
CEREBROSPINAL FLUID (CSF) LEAKAGE
A CSF leak occurred in 20 patients (7.8%). The leaks presented as rhinorrhea 80% of the time, and at the incision site in the remainder. They were handled 3 different ways: (1) conservatively, with application of a pressure dressing and bed rest; (2) with lumbar drain placement; or (3) with surgical repair. As shown in Table 1 , leaks at the incision site responded to conservative therapy, while rhinorrhea usually required more invasive measures to effect closure. The mean tumor size in patients with CSF leaks was 18.7 mm, as compared with 18.5 mm in patients without CSF leaks. This difference was not statistically significant.
MENINGITIS
Bacterial meningitis was indicated by the presence of the classic symptoms and confirmed by the findings on spi- 
PATIENTS AND METHODS
More than 400 patients with lesions of the cerebellopontine angle were referred to the senior author (R.J.W.) between the years 1982 and 1996. Of these, 258 were patients with acoustic neuromas who were operated on using the TLA. Patients with meningiomas or rare cerebellopontine angle tumors were excluded. Patients with acoustic neuromas as part of a neurofibromatosis syndrome were also excluded. Medical information was gathered by means of a review of a computerized acoustic neuroma database as well as hospital and office charts. All patients had office follow-up visits for at least 1 year, with direct assessment of facial nerve function and a postoperative imaging study performed at a minimum of 1 year. In most cases, patients were offered translabyrinthine surgery in cases in which their preoperative hearing or the size of their tumor allowed little chance at hearing preservation. Some patients were offered the choice of a hearing preservation attempt but opted for the TLA instead. The tumors were grouped by size, as shown in the Figure. Tumor size was measured by computed tomography or magnetic resonance imaging as the largest extracanalicular diameter and ranked as follows: intracanalicular tumors had no extracanalicular extension; small tumors extended 1 to 15 mm, medium tumors 16 to 35 mm, and large tumors more than 35 mm into the cerebellopontine angle. The surgical technique that was used is similar to that described elsewhere. Distribution of tumors by size.
ARCH OTOLARYNGOL HEAD NECK SURG/ VOL 125, JULY 1999nal fluid analysis. Of the 4 patients (1.6%) diagnosed as having bacterial meningitis in this series, 2 had concomitant CSF leakage, which presented as rhinorrhea, and were treated with lumbar drainage. All cases of meningitis resolved with intravenous antibiotic therapy, without further sequelae. Six patients (2.3%) had aseptic or chemical meningitis with moderate neck pain and headaches without fever. Analysis of CSF samples excluded a bacterial origin. The patients were treated symptomatically with a short course of oral steroids, and all symptoms eventually resolved.
RESIDUAL TUMOR
Complete gross tumor removal was achieved in all but 4 patients (1.6%). Of the patients with complete tumor removal, none had evidence of recurrence on computed tomographic or magnetic resonance imaging scans beyond 1 year.
FACIAL NERVE FUNCTION
Facial nerve function was graded according to the HouseBrackmann scale in the immediate postoperative period and at 1 year. The 1-year evaluation does not take into account surgical correction; for instance, if a 12th to 7th cranial nerve anastomosis transforms a total paralysis to a grade IV paresis, it is still considered grade VI for the purpose of this study. Seventy-six percent of the patients had a grade I or II score at 1 year, while 18% had a score of III or IV and 6% had a score of V or VI. The results are summarized in Table 2 . Not surprisingly, there is a significant correlation between tumor size and facial nerve outcome (as measured on the HouseBrackmann scale), with larger tumors yielding worse outcomes. Table 2 Beginning in 1986, the facial nerve monitor was routinely used for acoustic tumors removed via the TLA. In all, of the 258 patients in our study, 235 were monitored and 23 patients were not. The size of the unmonitored group precludes a meaningful comparison between the groups.
MISCELLANEOUS
There were 3 cases of postoperative pneumonia. All resolved with intravenous antibiotic therapy, without the need for intubation. There was 1 case of gastric bleeding that was thought to be secondary to the postoperative steroid administration. The bleeding resolved without need for transfusion or surgery. While there were no hematomas at the harvest site for abdominal fat, there was 1 case of a stitch abscess that responded to local wound care.
COMMENT
Our findings confirm the generally held notion that the TLA is a safe and effective method for excising acoustic neuromas. Most importantly, there were no deaths in this series. Other reports have placed the mortality rate at 1% to 5%. 2, [6] [7] [8] Usually, the cause of death is a severe neurovascular insult. In our study, there were 3 significant neurovascular complications, 2 of which led to permanent deficits. In one of the patients involved, the tumor was quite large (4.5 cm). While increased tumor size clearly yields higher complication rates in general, it should be noted that only 1 of our 27 patients with large tumors (Ͼ35 mm) had a neurovascular complication. This finding is in accordance with a recent study that demonstrated the safety of the TLA for large acoustic neuromas. In that study, tumors larger than 4.0 cm had a 4.8% neurovascular complication rate. 4 Rates of CSF leakage have fallen dramatically with the refinement of surgical techniques. Previously reported rates of 20% 9 have declined with the use of fat packing into the mastoid and obliteration of the eustachian tube and middle ear space. In our series, CSF leaks developed in 7.8% of patients after surgery. This rate is comparable to other recent series that have placed rates at 6% to 16%. 2, 10, 11 Regarding the development and outcome of CSF leaks, several conclusions can be drawn. First, we found that tumor size did not influence the development of CSF leaks. This finding is in agreement with the observations noted in other reports. 12 The mean tumor size (18.7 mm) in patients in whom leaks developed was nearly identical to that (18.5 mm) in patients in whom there was no evidence of CSF leakage. Factors such as delayed wound healing and episodes of increased intracranial pressure (as occurs with straining or vomiting) may play a more important role in the development of CSF leakage. In our series, we found that the site of CSF leakage greatly influences outcome. Leaks that occurred via the eustachian tube (rhinorrhea) were more likely to require invasive intervention than those that occurred via the incision. At our institution, CSF leaks are usually handled in a stepwise fashion. Management progresses from conservative measures, such as pressure dressing and bed rest, to lumbar drainage, and finally to surgical repair. Management plans are, of course, individualized according to the size and dura- tion of the leak. In this series, leaks at the incision site responded to simple pressure dressing and bedrest in all cases. Cerebrospinal fluid rhinorrhea was more problematic. Only 3 (19%) of 16 cases resolved with conservative measures. Five cases (31%) responded to lumbar drainage for several days, while 8 cases (50%) required operative repair. Based on these findings, it would seem prudent to attempt closure of CSF rhinorrhea with a lumbar drain as a first step, with the expectation that about 50% of the cases will require definitive closure in the operating room. Incisional leaks may usually be handled in a conservative manner. Bacterial meningitis developed in 4 cases (1.6%). Two (50%) of the 4 cases developed in the presence of CSF rhinorrhea. These numbers are not large enough to draw statistical conclusions, but they are suggestive of a relationship and lend some urgency to the issue of quickly closing a CSF leak. Other authors have found no statistical association between CSF leakage and meningitis, and have concluded that both may be the result of a flawed technique or an extensive dissection.
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Data regarding facial nerve preservation are presented in Table 2 . The majority of patients had normal or near normal function at 1 year, with 76% exhibiting grade I or II facial nerve function. These rates are comparable to those of other series. 2 As shown in Table 2 , there is a clear correlation between increasing tumor size and worsening facial nerve outcome. This is not surprising, as larger tumors tend to become more intimately involved with the facial nerve or significantly alter its anatomical course. These larger tumors are thus more difficult to extract without injury to the facial nerve. We believe that facial nerve monitoring has become the standard of care for the TLA to acoustic tumors. Because the vast majority of our patients had intraoperative facial nerve monitoring, comparisons of outcomes in unmonitored patients were meaningless in this series.
CONCLUSIONS
Our findings demonstrate the safety and effectiveness of the TLA for the removal of acoustic neuromas, particularly with regard to the paucity of life-threatening complications. This technique may be used safely on tumors of all sizes, albeit with an increased risk to the facial nerve with increasing tumor diameter. The occurrence of CSF leaks is not related to tumor size, but to other factors, such as surgical technique and patient wound-healing ability. Because our study was based on the practice of a single surgeon, the results may to some extent reflect personal and institutional bias. However, we believe that the results generally agree with those of other large series and that they accurately reflect the risks that may be expected in choosing the TLA.
